The structure of the small intestine of neonatal pigs has an important effect on immunoglobulin absorption. The aim of the experiment was to observe changes in the mucous membrane and the presence of immunoglobulins in the intestines of piglets during the first hours of their postnatal lives. In total, 80 piglets of the Large White breed were divided into two groups of 40 pigs. One group (control) came from an infection-free breeding, the other (experimental) group came from a breeding with the reproduction and respiration syndrome of pigs. Samples (n = 80) of duodenum, jejunum and ileum were taken at intervals of 0, 3, 6 and 12 h after colostrum intake in order to carry out histological tests. Primary pig antibodies were detected by immunohistochemical staining. The low content of immunoglobulins IgG, IgA and IgM was detected in all segments of intestines of precolostral piglets. Difference (P < 0.05) in size of the mucous membrane was found in the duodenum at the interval of 0, 3 and 6 h (46.03%), in the jejunum at 0 and 12 h (45.98%) and in favour of the control group. Compared to the control group, more Ig (P < 0.01) antibodies were observed in the experimental group: in the duodenum IgG at 12 h (37.22 vs. 
Immunoglobulins taken from colostrum during the first hours after birth play an important role in the postnatal development of the immune system. Immunoglobulins are glycoproteins which consist of 82-96% proteins and 4-18% carbohydrates (Biss et al. 2002) . Immunoglobulins have two main functions. First, they recognize and take up an antigen and then they activate the body's defence mechanism. According to Roitt et al. (2001) , immunoglobulins are responsible for contact between the substances strange to the body and phagocyting cells. Antibodies are also able to affect viruses and bacterial toxins by the process of neutralization (Roitt et al. 2001) . The acquisition of humoral immunity through the transfer of IgG from mother to offspring shows species-specific differences (Cervenak and Kacskovics 2009) . Klobasa et al. (1991) claimed that pigs have the following categories of immunoglobulins: IgG, IgA and IgM as well as their sub-categories. A piglet is able to take mainly IgG via colostrum during its first 24-36 h after birth to secure its humoral immunity. Local protection of intestinal mucosa with the help of IgA is ensured via milk intake (Wagstrom et al. 2000) . Passive immunity is secured by colostrum and milk intake till sufficient production of antibodies starts (3-5 weeks). The gut closure is a limiting factor for immunoglobulin intake; tt is defined as the final transport of immunoglobulins via basolateral membrane of entocytes into the blood stream of piglets (Rooke and Bland 2002) . Absorption capacity of enterocytes is not influenced only by the time from birth but also by the time of colostrum intake or intake of other substances. Enterocytes of the small intestine receive immunoglobulins of colostrum by non-specific macrocytosis and they store them in vacuoles. The enterocytes created in embryo before birth have this ability of pinocytosis. Enterocytes created after birth do not have the ability of pinocytosis of unharmed proteins. Enterocytes receive immunoglobulins and other macromolecules also after gut closure but these are not transferred into the neonatal blood stream (Klobasa et al. 1991) . The resistance of pigs to viruses, bacteria and parasites is influenced by concentration of immunoglobulins and therefore, the colostrum of sows is a source of the first protection of piglets against pathogens (Kovářů et al. 2002) . Performance of pigs is directly affected by the pigs' health status (Bučko et al. 2012) .
The aim of our research was to study the structure of duodenum, jejunum and ileum of piglets during the first 12 h after birth and to determine the presence of Ig (IgG, IgM, IgA) in their small intestines before and after the colostrum intake.
Materials and Methods
In the experiment 20 sows of the breed Large White × Landrace were used. The sows were divided into two groups, one (experimental, n = 10) group with reproduction and respiration syndrome of pigs (RRSP) and the other one (control, n = 10) without infection. The average body weight of sows was 185 ± 25 kg. Four piglets were taken from each sow (totally 80 piglets). The piglets were selected immediately after birth and before the colostrum intake at intervals of 0 h (20 piglets), 3 h (20 piglets), 6 h (20 piglets) and 12 h (20 piglets) after the colostrum intake. The piglets of both groups received colostrum up to half an hour after birth.
The autopsy of piglets was carried out with dietylether (25 ml) after their euthanasia. The samples (size 5 × 5 mm) for histological and immunohistochemical testing were taken from the duodenum, jejunum and ileum. The intestine of each piglet was washed by saline before the sample was taken. For the purpose of histological studies, the samples were fixed in 10% formol. After washing, the samples were submerged in paraffin. The rotary microtome (MicroTec, Laborgeräte GmbH, Walldorf, Germany) was used to prepare histological slices (7-8 µm) that were stained by haematoxylin-eosin. Deparaffinized a dehydrated slices were used for immunohistochemical reactions with primary pig antibodies produced on rabbits (Bethyl Laboratories, Montgomery, USA). The results were qualitatively and quantitatively evaluated.
Statistical and graphical evaluations were performed by using light microscope (Olympus Provis AX) and by program used for evaluation of individual morphological structures-Statgraphics ver.7, Image ProPlus (Spectra Services Inc, NY). Significance (P < 0.05) was evaluated by Duncan test using the program SAS system 9.1. (SAS Institute Inc.). The experiment 1/0662/11-1 was approved by the ethics committee and realized as a part of project n. 1/0662/11.
Results
While analyzing our results, we focused on the changes occurring in the intestinal mucous membrane (Table 2 ). In all segments of the small intestine, gradual increase of the size of the mucous membrane and epithelium was found. The highest values were reached at the interval between hour 6 and 12 after the colostrum intake. The lowest activity was detected in the ileum 3 h after the colostrum intake (Tables 2, 3 ). In the relative size of epithelium, the activity in ileum increased (comparable with jejunum) 12 h after colostrum intake ( Table 3 ). The presence of evaluated components of the duodenum, jejunum and ileum wall was expressed by relative values. Table 1 shows the presence of immunoglobulins (%) in the small intestine at evaluated time intervals 0 h, and subsequently 3, 6 and 12 h after colostrum intake. Notable differences connected with the presence of immunoglobulin classes between the control experimental groups were observed in individual segments of small intestine in favour of the control group. Immunoglobulins in individual segments of small intestine were present at all time intervals except for the duodenum of the control group (IgM at 6 h) and the jejunum (IgA at 6 h) with the increasing tendency mainly from hour 3 to 6 after the colostrum intake ( Table 1 ). After that, the gradual decrease was observed. After colostrum intake in the duodenum (Table 1) , the content of immunoglobulins in the control group increased. In the jejunum, significant differences were observed only in the control group (Table 1) . As for IgG, its content increased 3 h after colostrum intake (Plate IX, Fig  1, Plate X, Fig 2) and IgM increased in comparison with 0 h before colostrum intake. In the ileum of animals of the control group (Table 1) , higher values of immunoglobulins were determined only in IgM class. As for class IgA, values of immunoglobulins increased 3 h 
Discussion
The active components present in the wall of the small intestine of neonatal piglets, i.e. the mucous membrane and epithelium, are most important because of their ability to absorb immunoglobulins, and for this reason they were evaluated. According to the type of placenta, pigs belong to those species of farm animals that receive almost no immunoglobulins during their prenatal period (Toman 2000) . We detected some classes of immunoglobulins in the small intestine even in the precolostral period. It indicates that some classes of immunoglobulins can be present even in the prenatal period of pigs. In spite of the fact that the concentration of immunoglobulins in the prenatal period is incomparably lower than after colostrum intake, it is probable that they will work as effective immune factors. It is important to emphasize that in both studied groups, the concentrations were greatly variabile. This can be linked to the prenatal conditions of pigs' development. For the intake of immunoglobulins, intestinal permeability is very important. During the first hours after birth, intestinal permeability is total. Ig resorption is lowered by half during 20 h after birth and it is completely stopped after 36 h (Tizard 1996) . The structure of the piglets' intestines has to correspond to this given time because the time of the socalled closure of epithelium is very important for the intake of macromolecular substances (Pastoret and Bazin 1998) . Epithelial cells by maturation lose their absorption ability and the so-called gut closure occurs. It is assumed that the highest intake of immunoglobulins is connected with piglets up to 10-12 h of their postnatal lives which in turn also influences the amount of immunoglobulins in the received colostrum and the ability to absorb immunoglobulins from the intestine into blood (Tuchserer and Gershwin et al. 2002) . Murata and Namioka (2004) discovered that the completion of absorption of colostral immunoglobulins in the small intestine occurs 72 h after colostrum intake, whereas the completion of absorption in the duodenum occurs 2 h after colostrum intake, in the jejunum 24 h after colostrum intake and in the ileum 48 h after colostrum intake. According to Murata and Namioka (2004) , the completion of the intake of colostral immunoglobulins occurs from the proximal to the distal segment of the small intestine on the third day after birth. Széky et al. (1999) claim that the highest absorption of immunoglobulins from colostrum takes place in the epithelial cells of the mucous membrane of the jejunum and it reaches almost two thirds of the ileum. According to Tuboly and Nagy (2000) , the x most intensive absorption of immunoglobulins occurs in the ileum from the hour 4 after colostrum intake and it reaches its peak between the hours 8 and 12 after colostrum intake. We assume that the gut closure is in progress up to 12 h after birth, because the highest values of Ig were detected between hours 3 and 6 after colostrum intake with a subsequent decrease. Higher values of immunoglobulins in the controlled group are probably connected with the resistance against RRSP which was confirmed in the experimental group. The presence of all immunoglobulins was significantly lower with this group of animals. IgG belongs to the dominant Ig classes in the body as well as to the most important antibodies of the secondary immune response (Roitt et al. 2001) . Rolinec et al. (2012) also claimed lower concentrations of all the mentioned classes of immunoglobulins in the colostrum of sows infected by PRRS.
It is very difficult to compare the data about morphometric changes of the intestinal mucous membrane observed in our experiment because we have not found literature dealing with the quantification of the observed structures of the small intestine. Only the size, circumference and surface of villi are evaluated in the available literature. Part of the changes in the intestinal mucosa is the intensively develop of the intestinal villi during the first 3 weeks (Skrzypek et al. 2005) . From the evaluated relative size of the mucous membrane and epithelium it is evident that the duodenum and jejunum (Table 2, 3) are the most active segments of the small intestine 3 h after colostrum intake which is in agreement with report of Yang and Parkhouse (1998) . Murata and Namioka (2004) reported that jejunum is most active up to 3 h after colostrum intake. At that time, the activity of duodenum was lower. This can be marked as the gut closure of the small intestine which is described by Sheven and Febiger (2001) . The lowest values of the size of the mucous membrane in the ileum and duodenum were observed in the samples taken before colostrum intake ( Table 2 ). The highest activity was connected with the jejunum (Table 2) . Similar data about neonatal pigs are mentioned by Roffler et al. (2003) . In the intestine mucosa of neonatal piglets from positive PRRS sows infection, we found lower percentage of immunoglobulins. 
